The enigmatic Paleozoic fossil Prototaxites Dawson 1859 consists of tree-like trunks as 20 long as 8 m constructed of interwoven tubes <50 μm in diameter. Prototaxites specimens from 21 five localities differ from contemporaneous vascular plants by exhibiting a carbon isotopic range, 22 within and between localities, of as much as 13‰ δ 13 C. Pyrolysis-gas chromatography-mass 23
INTRODUCTION 36
From its origin in the Late Silurian more than 420 m.y. ago until the evolution of large 37 trees ~50 m.y. later, Prototaxites was the largest organism known to have lived on land ( Fig. 1A ; 38 GSA Data Repository Fig. DR1 1 ). It produced unbranched trunks as long as 8 m and 1 m in 39 diameter, constructed only of a relatively homogenous tissue of interwoven tubes of three size 40 classes, 5-50 μm in diameter (Fig. 1B) . Although originally described as a conifer (Dawson, 41 1859), its distinctive anatomy is utterly unlike any living or fossil land plant. Subsequent 42 interpretations as a lichen, a red, green, or brown alga, or a fungus (Carruthers, 1872; Church, 43 1919; Jonker, 1979; Hueber, 2001 ) are also problematic. For example, interpretation ofPublisher: GSA Journal: GEOL: Geology Article ID: G23384 Journal: GEOL: Geology Article ID: G23384
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organisms. 115
Both CO 2 limitation and a shift in background inorganic 13 C/ 12 C could result in more 116 enriched values within an organism, but neither was likely in a Lower Devonian world with an 117 atmospheric CO 2 concentration of 8-10 times modern levels (McElwain and Chaloner, 1995) 118 and C isotopic values of 0‰ to +2‰ for marine carbonates (Veizer et al., 1999) , and neither 119 could explain observed isotopic variation within a single assemblage. Rather, the large C isotopic 120 range measured for Lower Devonian Prototaxites strongly suggests that this organism was a 121 heterotroph that lived on isotopically distinct substrates: in this context, a fungus. Given its 122 survival of fluvial transport and deposition (Griffing et al., 2000) , Prototaxites, if fungal, was 123 more akin to a robust, perennial bracket fungus than an ephemeral mushroom. 124
Early Devonian Ecosystems 125
The isotopic range of Lower Devonian Prototaxites is difficult to reconcile with 126 consumption of a uniform photosynthetic substrate. Lower Devonian terrestrial faunas were 127 vertebrate free and consisted primarily of arthropod detritivores and predators (Shear and Selden, 128 2001) , so trophic enrichment is an unlikely source for variation. Substantial isotopic distinctions 129 between fungi growing on the same substrate could result from digestion of different 130 biochemical components (Hobbie et al., 1999) , such as cellulose versus lignin-as in brown and 131 white wood rots. However, most Devonian fungi are small and contained within the host (Taylor 132 et al., 2004) and only white rot is known among the larger fungi capable of extensive 133 translocation (Stubblefield and Taylor, 1988 (Jahren et al., 2003; Fletcher 143 et al., 2004) . Most bryophytes are even more depleted than C 3 tracheophytes (Jahren et al., 2003; 144 Fletcher et al., 2004) , but the enriched Prototaxites values can be approached by some hornworts 145 when water saturated due to a pyrenoid-based carbon-concentration mechanism (Smith and 146 Griffiths, 1996) . Hornworts are unknown before the Cretaceous, but stem-group embryophytes in 147 general extend back at least to the Ordovician (Gray, 1993; Edwards et al., 1995; Wellman et al., 148 2003) . 149
Enriched Prototaxites isotopic values are broadly consistent with consumption of 150 cyanobacteria-dominated microbial soil crusts (Evans and Belnap, 1999) . Moreover, mats can be 151 prolific sources of sugars, a preferred substrate for fungal growth that tends to have 13 C enriched 152 relative to total biomass (van der Meer et al., 2003) . Today, microbial crusts and bryophytes 153 dominate only where vascular plants are excluded (Campbell, 1979; Evans and Belnap, 1999) , 154 but they were likely distributed broadly prior to vascular plant evolution (Horodyski and Knauth, 155 1994; Tomescu and Rothwell, 2006) . These alternative sources of primary production are rarely 156 considered for ecosystems that postdate the Silurian appearance of vascular plants, except for 157 some mention of intercalation among vascular plant dominants and debate over how rapidly 
METHODS
Samples for isotopic and organic analyses were obtained from permineralized fossils and powdered with mortar and pestle. Powdered samples for isotopic analysis were treated with 5%
HCl to eliminate the possibility of carbonate contamination. All tools were cleaned by sonication in hexane for 15 minutes before use, except for the delicate sample boats for isotopic analyses which were sonicated in hexane for 1 minute. Fossils were washed with hexane but not sonicated. The surfaces of fossils and all equipment were rinsed with ethanol and allowed to air dry after the collection of each sample.
Isotopic measurements were made with a Finnigan Delta Plus Excel isotope ratio mass spectrometer with a CE Instruments, NA 2500 series, elemental analyzer and a Conflo II interface. The gas chromatograph oven was set to 60° C for the fossil samples. Acetanilide standards were only included at the beginning of each set of analyses (followed by 2 or 3 blank sample boats) and at the end after all fossil samples had been run in order to eliminate the possibility that trace residue from the carbon-rich acetanilide standards might contaminate fossil samples.
Pyrolysis Gas Chromatography-Mass Spectrometry (GC-MS) was performed with an Agilient 6890 GC interfaced with an Agilent 5972 quadrupole mass spectrometer. Samples were pyrolyzed using a CDS-1000 pyroprobe where 0.5-3 mg samples were heated to 715 °C with a heating rate of 500 °C/sec under helium at the injection port of the GC. Chromatography was performed with a 50 % phenyl polydimethylsiloxane stationary phase column.
Maps of elemental composition in standard fossil thin sections obtained using a JEOL 8900 electron microprobe with five wavelength dispersive spectrometers. Electron probe measurements interact only with the sample surface, are no more than semi-quantitative, and are intended only to illustrate confinement of carbon to the organic tube walls and absence of dispersed carbonate (which would recognizably dwarf organic carbon concentrations if present).
Analyses were performed at 15 KeV. Following modifications of standard procedures described previously (Boyce et al. 2001) , samples were aluminum coated and an increased electron beam current of approximately 300 nA was employed in order to enhance detection of organic carbon. 
